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(54) PRODUCTION OF SINTERED HARD ALLOY HAVING SHEET-LIKE TUNGSTEN CARBIDE AND 
COATED SINTERED HARD ALLOY 

(57)Abstract: 

PURPOSE: To easily obtain the sintered hard alloy by specifying the composition of starting material and manufacturing 
conditions and particularly performing the control of the grain size of WC just before heating and sintering in a WC-(cubic 
system compound)-Co sintered hard alloy. 

CONSTITUTION: A starting material having a composition consisting of, by weight, 1-25% of powder of Co and/or Ni, 3-40% 
of cubic system compound forming powder of one or more kinds among the carbides and nitrides of the group IVa, Va, and Via 
metals of the periodic table and mutual solid solutions thereof, and the balance WC powder is prepared. This starting material is 
subjected to respective stages of mixing and crushing, compaction of a green compact, and heating in a nonoxidizing 
atmosphere, by which the sintered hard alloy can be formed. In this method, the average grain size of WC after the mixing and 
crushing stage is regulated to ≤0.5μm and also heating temp, is regulated to ≥1450°C Further, ≥15% of the WC 
existing in the sintered hard alloy is constituted of a laminar WC where the maximum grain size is regulated to l-10μm and 
the maximum size is regulated so that it becomes two or more times the niinimum size. By this method, the necessity of the use 
of a solid solution supersaturatedly containing WC difficult to be formed can be obviated. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the covered cemented carbide which comes to form a hard coat in the front face 
of the cemented carbide produced by the process and this process of the cemented carbide which has the tungsten carbide of a 
tabular. 
[0002] 

[Description of the Prior Art] General and cemented carbide are divided roughly into WC-Co system cemented carbide and 
WC-cubic system compound-Co system cemented carbide. Problem **** that die antinomy-inclination for abrasion resistance to 
fall if these cemented carbide raises deficit-proof nature, and for deficit-proof nature to fall if abrasion resistance is raised 
conversely is shown. A large number [ the proposal of the cemented carbide which was going to raise deficit-proof nature as what 
solves this problem, without reducing abrasion resistance ]. As the one method of these proposals, there is cemented carbide 
which made the tabular tungsten carbide contain, and JP,47-23049,B, JP,47-23050,B, and JP,2-47239,A are in the typical thing. 
[0003] 

[Problem(s) to be Solved by the Invention] Among the advanced technology about the cemented carbide which made the tungsten 
carbide of a tabular contain, after [0.1 - 40 % of the weight ] remaining mainly with Co metal powder and grinding and drying 
colloid tungsten-carbide powder in a liquid, it heats and quenches to JP,47-23049,B and JP,47-23050,B, and the cemented 
carbide which the tungsten carbide of the tabular which the upper limit is 0. 1 -50micro, and becomes by 3 or more times of the 
lower limit contained is indicated. 

[0004] The manufacture method of the cemented carbide indicated by both [ these ] official reports is a method using the grain 
growth operation of the tungsten carbide in WC-Co system cemented carbide. If this is applied to WC-cubic system 
compound-Co system cemented carbide, since a cubic system compound will serve as depressant action of grain growth of a 
tungsten carbide, using as it is and depositing the tungsten carbide of a tabular has the problem of being difficult. 
[0005] On the other hand, the manufacture method of the cemented carbide of making a tungsten carbide crystallize as a tungsten 
carbide of a tabular using the start raw material of the solid solution contained in supersaturation at the time of heating sintering is 
indicated by JP,2-47239,A Although the method indicated by this official report is applicable to WC-cubic system compound-Co 
system cemented carbide In using that it is difficult to produce the solid solution which contained the tungsten carbide in 
supersaturation, and the supersaturated solid solution which was added and mixed and produced the tungsten carbide especially as 
a start raw material There is a problem of the tungsten carbide crystallized from a supersaturated solid solution at the time of 
heating sintering crystallizing on the existing tungsten carbide, and being hard coming to crystallize the tungsten carbide of a 
tabular as a result. 

[0006] this invention is what solved the above troubles, specifically By controlling particle size of the tungsten carbide in front of 
the composition component of a start raw material, manufacture conditions, especially heating sintering, without using the solid 
solution which contained the tungsten carbide in supersaturation It aims at offer of the covered cemented carbide which formed 
the hard coat in the cemented carbide obtained by the process and this process of the cemented carbide which can make the 
tungsten carbide of a tabular contain easily in WC-cubic system compound-Co system cemented carbide. 
[0007] 

[Means for Solving the Problem] The place which was performing examination for raising deficit-proof nature, without this 
invention persons reducing the abrasion resistance of the WC-cubic system compound-Co system cemented carbide well used as 
a cutting tool, The cemented carbide which the tungsten carbide of a tabular contained If propagation resistance of a crack being 
raised and the cubic system compound exist Although it is said that crystallization of the tungsten carbide of a tabular is 
suppressed, by controlling the particle size of the composition component of a start raw material, and the tungsten carbide in front 
of heating sintering, the knowledge that the tungsten carbide of a tabular is crystallized easily is acquired, and it comes to 
complete this invention. 

[0008] The process of the cemented carbide which has the tabular tungsten carbide of this invention Namely, Co and/ 3 - 40 % of 
the weight of or at least on e sort ofc ubic system compound formation powder in 1 - 25 % of the weight of powder of nickel, 4a 
and 5a of a periodic table, and the carbTde~of 6a group metal, nitrides, and these mutual solid solutions, It is the method of 
producing cemented carbide through a preferential grinding process, a powder green-compact forming cycle, and the heating 
process in the inside of a non-oxidizing atmosphere using the start raw material which consists of remaining tungsten-carbide 
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powder. This tungsten carbide in the mixed-powder end after this preferential grinding process That it is 0.5 micrometers or less 
of mean particle diameters, and this heating 15% or more of the tungsten carbide which exists in being carried out above 1450 
degrees C and this cemented carbide is characterized by consisting of a tungsten carbide of the tabular which it is 1-10 
micrometers in upper limit, and this upper limit becomes above the double precision of the lower limit. 

[0009] When the amount of tungsten carbides of the tabular contained in the cemented carbide after sintering if the powder of Co 
and/or nickel becomes less than 1% of the weight among the start raw materials used in the process of the cemented carbide of 
this invention decreases and the effect to deficit-proof nature increases with a bird clapper exceeding 25 % of the weight 
conversely weakly, abrasion resistance becomes low practical less. Moreover, if the amount of tungsten carbides of the tabular 
contained in the cemented carbide after sintering if cubic system compound formation powder becomes less than 3% of the 
weight among start raw materials decreases notably and the effect to deficit-proof nature increases with a bird clapper exceeding 
40 % of the weight conversely weakly, since the cubic system compound itself is brittleness, the deficit-proof nature of cemented 
carbide will also fall. 

[0010] With the cubic system compound formation powder used as this start raw material On the thing and concrete target which 
the crystal which exists in the cemented carbide after heating sintering becomes with cubic structure For example, TiC, TiN, Ti 
(C, N), Ti (C, O), Ti (N, O), The powder of Ti (C, N, O), C (Ti, W), C (Ti, Ta, W), C (Ti, Ta, Nb, W), TaC, NbC, C (Ti, Ta), C 
(TaJSJb), and C (Ti, Ta, Nb) can be mentioned. 

[001 1] The preferenilal^grinding process in the process of the cemented carbide of this invention is a process which puts in a start 
raw material and the trituration inclusion made from cemented carbide, for example, a ball, and organic solvents, such as an 
acetone, in a container, and carries out preferential grinding of the start raw material by methods, such as a rotating type ball mill, 
a vibration ball mill, and attritor, using the container lined by the stainless steel container or cemented carbide. 
[0012] The tungsten carbide which exists during the end of mixed powder dried, the organic solvent was made to **** after 
preferential grinding, and it obtained is important for a bird clapper at 0.5 micrometers or less of mean particle diameters. In 
order to set the mean particle diameter of the tungsten carbide in this end of mixed powder to 0.5 micrometers or less, the mean 
particle diameter of the tungsten carbide used as a start raw material uses preferably 2.0 micrometers or less of tungsten carbides 
of 0.5-1.5 micrometers of mean particle diameters. Exceeding 2.0 micrometers, when large, the mean particle diameter of the 
tungsten carbide to be used can have only a tungsten carbide at an above-mentioned preferential grinding process, can turn 
minutely, subsequently to the inside of it can make other start raw materials intermingled, and can also carry out preferential 
grinding again. What is necessary is to carry out minute amount sampling of the end of mixed powder in the middle of preferential 
grinding, although the time at the time of preferential grinding changes with the ratios and preferential grinding methods of the 
size of the particle of a tungsten carbide used as a start raw material, the amount of a start raw material, the ratio of the amount of 
trituration inclusion, the configuration of trituration inclusion and the amount of the organic solvent, and the capacity of a 
container and the volume of the matter in a container, and just to determine that the mean particle diameter of the tungsten carbide 
in the 

[0013] In order to fabricate the end of mixed powder it obtained after preferential grinding to a powder green compact, for 
example, it is carried out from the former, it can carry out using golden die forming, extrusion molding, injection molding, and 
casting. In this way, when heating the obtained powder green compact in a non-oxidizing atmosphere, 1450 degrees C or more 
are sintering above 1500 degrees C preferably in a vacuum, hydrogen, nitrogen, or inert gas atmosphere. Thus, after sintering, it 
is also desirable to give the hot isostatic process (HIP processing) currently performed from the former if needed, and to consider 
as still more precise cemented carbide. 

[0014] In this way, 15% or more of the tungsten carbide to which the obtained cemented carbide exists in cemented carbide 
contains the tungsten carbide of a tabular, and the tungsten carbide of a tabular here means the shape of a triangle, a needle, and 
the thing which it becomes from the tungsten carbide of cylindrical and a trapezoidal shape, and the upper limit of those grain 
shapes is 1-10 micrometers, and the upper limit becomes above the double precision of the lower limit, when the arbitrary cross 
sections of cemented carbide are observed with a scanning electron microscope. 

[001 5] On the front face of the cemented carbide containing the tungsten carbide of the tabular produced as mentioned above It 
has by the chemical vapor deposition (C VD) and physical vapor deposition (PVD) which are performed from the former. 4a and 
5 a of a periodic table, the carbide of 6a group metal, a nitride, oxides, and these mutual solid solutions, When it is made the 
covered cemented carbide in which the monolayer or the multilayer coat which consists of at least one sort in aluminum-oxide, 
alumimium nitride, diamond, and diamond-like carbon or cubic boron nitride was formed, it excels in abrasion resistance, 
deficit-proof nature, and a peeling resistance. Since it will become long lasting if it uses especially as a cutting tool, it is desirable. 

[0016] 

[Function] The process of this invention is carrying out the operation to which the composition component ratio which is mainly 
concerned with the cubic system compound formation powder made to exist in a start raw material to the particle size of the 
tungsten carbide which exists during the mixed-powder end after preferential grinding promotes crystallization of the tungsten 
carbide of a tabular at the time of heating sintering. Moreover, the covered cemented carbide in which the hard coat was formed 
on the front face of the cemented carbide obtained by this process is carrying out the operation to which the tungsten carbide of 
the tabular which exists in cemented carbide raises the adhesion of cemented carbide and a coat, and the operation which prevents 
the crack propagation in cemented carbide. 
[0017] 
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[Example 1] Using the tungsten carbide (WC powder) of 1 .5 micrometers of mean particle diameters, the cubic system 
compound powder (following and betat and publication) which becomes by 45°/oWC-22%TiC-33% TaC (% of the weight) of 
solid solution, and Co powder, as shown in Table 1 , it blended. When it became the particle size with which carried out 
preferential grinding of the combination powder of Table 1 with the ball made from cemented carbide, and the acetone solvent, 
and the mean particle diameter of the tungsten carbide after preferential grinding indicated it to be to Table 1 in the container 
made from stainless steel, preferential grinding was stopped, it dried and the end of mixed powder was obtained. After fabricating 
the end of these mixed powder to a powder green compact, 1 500-degree-C vacuum sintering and the comparison article 1 
sintered 1420-degree-C vacuum sintering and the comparison article 2 by 1380-degree-C vacuum sintering, and this invention 
article 1 produced each sample. In this way, the arbitrary cross sections of the obtained this invention article 1, the comparison 
article 1, and the comparison article 2 were observed with the scanning electron microscope, the rate of the tungsten carbide of 
the tabular which exists during each alloy organization was searched for, and the result was shown in Table 1 . Measurement of 
the tungsten carbide of a tabular considered that all triangle-like tungsten carbides were tabular tungsten carbides, and, otherwise, 
measured and judged the upper limit and the lower limit about the tungsten carbide of a needle, a cylinder, and a trapezoidal 
shape. 



[0018] 
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Moreover, anti-**** in the hardness (hyperventilation) of each cemented carbide of this invention article 1, the comparison 
article 1, and the comparison article 2, the total crack length generated from four corners of the Vickers indentation in 50kg load, 
and a room temperature was measured, and each result was shown in Table 2. 

[0019] Subsequently, it had in the front face of the cemented carbide of this invention article 1, the comparison article 1, and the 
comparison article 2 by the C VD currently performed from the former, the TiC coat of 4-micrometer thickness, Ti (C, N) coat of 
2 -micrometer thickness, and the TiN coat of 0.5 thickness were formed in order, and this invention article 1-1, the comparison 
article 1 - 1 , and the comparison article 2-1 were obtained. Using this invention article 1 - 1 , the comparison article 1 - 1 , and the 
comparison article 2-1, the cutting examination by the following (A) abrasion resistance examination and the deficit-proof [ (B) ] 
sex test was performed, and each result was written together to Table 2. 

(A) **-ed [ wear-resistant examination ] material : S48C (HB:240-250) 

Electrode holder :CSBNR2525 chip configuration: SNGN120408 cutting speed : It sends 200 m/min. : It cuts deeply 0.3 mm/rev. 
: 1 .5mm evaluation : The amount of average flank wears after 30-minute cutting (VB) 
The amount of the maximum flank wears (VB), and the amount of craters (KT) 

(B) **-ed [ deficit-proof sex-test ] material : S48C (260 or 4 [ HB:250 - ] slot is entered) 

Electrode holder :CSBNR2525 chip configuration: SNGN120408 cutting speed : It cuts deeply 100 m/min. : 1.5mm evaluation : 

It expressed with delivery when a deficit or a chipping arises. 

[0020] 
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[0021] 

[Example 2] Using the start raw material indicated in the example 1, as shown in Table 3, it blended. Processing the combination 
powder of Table 3 like the example 1, the comparison articles 3 are the comparison article 1 and these conditions of an example 
1, it is this invention article 1 and these conditions of an example 1, and it produced [ this invention article 2 sintered the 
comparison article 4 on the comparison article 2 and these conditions of an example 1, and ] each sample. In this way, the rate of 
the tungsten carbide of a tabular was searched for for this invention article 2, the comparison article 3, and the comparison article 
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4 which were obtained like the example 1, and the result was shown in Table 3. 



[0022] 
Table 3] 
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Moreover, each of this invention article 2, the comparison article 3, and the comparison article 4 was shown in Table 4 in quest of 
hardness, crack length, and room temperature anti-**** like the example 1 . Subsequently, the coat was formed in the front face of 
this invention article 2, the comparison article 3, and the comparison article 4 like the example 1, and each was used as this 
invention article 2-1, the comparison article 3-1, and the comparison article 4-1. Using these this invention article 2-1, the 
comparison article 3-1, and the comparison article 4-1, (A) abrasion resistance examination and the deficit-proof [ (B) ] sex test 
of an example 1 were performed, and the result was written together to Table 4. 
[0023] 

Table 4] 
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[0024] 

[Example 3] Using the start raw material indicated in the example 1 , as shown in Table 5, it blended. Processing the combination 
powder of Table 5 like the example 1, the comparison articles 5 are the comparison article 1 and these conditions of an example 
1, it is this invention article 1 and these conditions of an example 1, and it produced [ this invention article 3 sintered the 
comparison article 6 on the comparison article 2 and these conditions of an example 1, and ] each sample. In this way, the rate of 
the tungsten carbide of a tabular was searched for for this invention article 3, the comparison article 5, and the comparison article 
6 which were obtained like the example 1, and the result was shown in Table 5. 



[0025] 
Table 51 
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Moreover, each of this invention article 3, the comparison article 5, and the comparison article 6 was shown in Table 6 in quest of 
hardness, crack length, and room temperature anti-**** like the example 1 . Subsequently, the coat was formed in the front face of 
this invention article 3, the comparison article 5, and the comparison article 6 like the example 1, and each was used as this 
invention article 3-1, the comparison article 5-1, and the comparison article 6-1. Using these this invention article 3-1, the 
comparison article 5-1, and the comparison article 6-1, (A) abrasion resistance examination and the deficit-proof [ (B) ] sex test 
of an example 1 were performed, and the result was written together to Table 6 
[0026] 
[Table 6] 
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[0027] 

[Example 4] Using the start raw material and nickel powder which were indicated in the example 1 , as shown in Table 7, it 
blended. (A Co-nickel ratio is 50:50) Processing the combination powder of Table 5 like the example 1, the comparison articles 7 
are the comparison article 1 and these conditions of an example 1, it is this invention article 1 and these conditions of an example 
1 , and it produced [ this invention article 4 sintered the comparison article 8 on the comparison article 2 and these conditions of 
an example 1, and ] each sample. In this way, the rate of the tungsten carbide of a tabular was searched for for this invention 
article 4, the comparison article 7, and the comparison article 8 which were obtained like the example 1, and the result was shown 



in Table 7. 
[0028] 
[Table 7] 
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Moreover, each of this invention article 4, the comparison article 7, and the comparison article 8 was shown in Table 8 in quest of 
hardness, crack length, and room temperature anti-**** like the example 1 . Subsequently, the coat was formed in the front face of 
this invention article 4, the comparison article 7, and the comparison article 8 like the example 1 , and each was used as this 
invention article 4-1, the comparison article 7-1, and the comparison article 8-1. Using these this invention article 4-1, the 
comparison article 7- 1 , and the comparison article 8- 1 , (A) abrasion resistance examination and the deficit-proof [ (B) ] sex test 
of an example 1 were performed, and the result was written together to Table 8. 
[0029] 
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[0030] 

[Effect of the Invention] The process of the cemented carbide of this invention is effective in crystallization of the tungsten carbide 
of a tabular being easy and the crystallization rate of the tungsten carbide of a tabular becoming high. 
[003 1] moreover, there is an outstanding effect that it raises deficit-proof nature notably, without causing a wear-resistant fall 
when the effect that the progress of a crack which judged the cemented carbide which the tungsten carbide of the tabular obtained 
by the process of this invention crystallized from crack length is suppressed 2 to 25% uses a certain thing and the covered 
cemented carbide which formed the coat in this cemented carbide nirther as a cutting tool 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process of the cemented carbide which has the tabular tungsten carbide characterized by satisfying following (a), 
(b), and (c) in the method of producing cemented carbide through a preferential grinding process, a powder green-compact 
forming cycle, and the heating process in the inside of a non-oxidizing atmosphere using the start raw material characterized by 
providing the following 1 - 25 % of the weight of powder of Co and/or nickel 3 - 40 % of the weight of at least one sort of cubic 
system compound formation powder in 4a and 5a of a periodic table, the carbide of 6a group metal, nitrides, and these mutual 
solid solutions The remaining tungsten-carbide powder 

(a) This tungsten carbide after this preferential grinding process being 0.5 micrometers or less of mean particle diameters and (b) 
this heating being performed above 1450 degrees C and (c) this cemented carbide are the tungsten carbide of the tabular which it 
is the upper limit whose 1 5% or more of the tungsten carbide which exists in this cemented carbide is 1 - 1 0 micrometers, and this 
upper limit becomes above the double precision of the lower limit to a bird clapper. [Claim 2] The covered cemented carbide 
which forms the monolayer or the multilayer coat which consists of at least one sort ina [ 4 ] and 5a, carbide [ of 6a group metal ], 
nitride, oxides and these mutual solid- solutions, aluminum-oxide, alumimium nitride, diamond, and diamond-like carbon, or cubic 
boron nitride in the front face of the cemented carbide obtained by the process according to claim 1, and is characterized by the 
bird clapper. [ of a periodic table ] 
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